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WITH LENGTH-WIDTH RATIO OF 1.5 UNDER NORMAL PRESSURE

By Samuel Levy and Samuel Greenman
SUMMARY L e

The Von Karman equations for a thin flat plate with =
large deflections are solved for the special case of a plate
with clamped edges having a ratio of length to_ width of 1.5
and loaded by uniform normal pressure. Center deflections,
membrane stresses, and extreme~fiber bending stresses dre " """
given as a function of pressure for center deflections uwp =~ = 7
to twice the thickness of the plate. For small deflections
the results coincide with those obtained by Qencxy from the
linear theory. i

_— . L = . oa.

The maximum stresses and center deflection at high
pressures differ less than 3 percent from those derived by
Boobnov for an infinitely long plate with clamped edges. -+ .~
This agreement suggests that clamped plates with a length~ S
to-width ratio greater than 1.5 may be regarded as infi— S
nitely long plates for purposes of design. ;;;;;:;_

INTRODUCTION T IS e

An exact solution for the small deflection of a rec-—
tangular plate with clamped edges having a ratio of length
to width of 1.5 was given by Hencky in reference 6 and an
approximate solution for large deflection was presented by
Way 1in reference 7.

Exact solutions fer plates with clamped edges under S
normal pressure producing large deflections have been de—
rived for the twe extreme cases of the square plate (ref—
erence 1) and the infinitely long plate %reference 2).
Comparison of these two solutions shows that the maximum
stresses and the center deflections differ more than 20
percent. o T

Experimental work (reference 3) indicates that a rec~
tangular plate having a length equal to twice 1its width
vehaves practically as an infinitely long plate,
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It was decided to investigate theoretically the tran—
sltion from the square plate to the infinitely long plate
by deriving the solution for a plate of finlite length so
that b/a = 1.5,

PUNDAMENTAL EQUATIONS
Symbols

Conglder an initlially flat rectangular plate of uni-
form thickness (see fig. 1), and let
a width
b length (1.5a)

h thilckness

P normel pressure, agsumed uniforn
w normal dlsplacement of points of middle surface
B Young's modulus

w Poisson's ratio (0.318)

D = —————— flexural rigidity

X,y coordinate axes lying along edges of plate with
origin at one corner

edge Pendlng moments per unit length adout x and
y @&axes, respectively

m_,n

Xy

c extireme—~f iber stresses

x lcy’Txy

c'x,a' membrane stresses

v T'xy
ft 1 1 —

(o] e y'T xy extreme—~fiber bendling stresses

w deflectlon coefficients

€ tensile strain

' shear strain

! *

u
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¥ stress function_
bm,n stress coefficients

Sx’ 5 average median—fiber stresses in x and y
g directions, respectively

pa(x,y) auxiliary pressure replacing edge moments

N

pb(x,y) uniform normal pressure . P expréssed ags a
Fourier series

P, (x,7) = pa(x,¥) + py(x,¥)

Pm,n coefficient in Fourier series for pressure,
P (x,7)

c’ moment arm of auxiliary pressure distridution,
pa<xi3) . - -

kp, tp coefficlents in Fourier series for my and my,
regpectively

m,n numbers that take on 0dd integral wvalues, such as

1, 8, 5, 7, «es

Expresslions for Stresses and Strains

The membrane stresseg are related to the stress fune—
- tion F by (reference 3, p. 343)

_ 3°%F
o'y = 575
27
! =
o'y o3 >_ (1)
J=F
7! T
xy 3x0y

The extreme~fiber bending stresses in the plate are re-—
lated to the deflections by (reference 2, pp. 40, 41, and

44) .
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Eh 33w a%)
o-ll = - N— +p
x 2(1-n%) \3x®  ay?
ot = Eh B?w4rubew> S
4 2 (1~ 2) 2 3x
R 33w
Xy 2(1+p) Oxoy y

(2)

The extreme~fiber bending stresses af.thé edges of the

plate are related to the bending moments per unit length

by (reference 2, p. 45)

The strains at the middle surface of the

equation (1):

d3F 22F\

(Al ==-J=0" - po! — e .

=g wo'y) e ”axaj

! =_}; 1 — 1 d aBF_ éi{\
v oo 20m) 2(1+u) 3°F
xy E xy B dxdy

= %g Dy at x=0,a
- (3)
= ﬁ% Dy at y=0,>0

plate are, fronm

~

? (4)

-

Relation between Edge Moments and Lateral Pressure

The required edge moments m,, ny
by an suxiliary pressure dis

edges of the plate as shown

trivution
in figure 2.

will be replaced

Py (x,¥)
Expressing this

near the

pressure distribution by a Fourier series (reference 4)
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and letting the value of ¢ approach zero, the auxiliary
pressure 1is T ) : -

o . (o]
4mm mTrXx 4mn ._ 1My
= == nmx 4 —m, sin === (5
()= ) TEomy emEE ) STmpein SR ()
m=1, Ba s s n=1"3",uo.

The edge moments m m mey be expressed by a

X! ¥
Fourier seriés: s
. m —\
2 ™
4b > nTx
my = — P k, ein —
n e d
m=1, 3,..
' 7 : (6)

a —
n=1, 3... . /J N
where k t

kn, t, are coefficigqts to be determined later.
Combining equations (5) and (6) gives

H

[==4 @
Py (x,7) = — L (nkp+ mty) sin —= sin —= (7)
m=1i, 3.,. 0=1,3,..

The uniform pressure Pp nay also be-expressed by a
Fourier series (reference 4) as

< o
lé6p = T "1 nrx
Pb(x.y) = 5 ) ) — gin —— s§in ulll
- s nn a

(8)
M=1, 3. O, 34,.

The addition of the uniform normal pressure pb(x,y)
to the auxiliary pressure p,(x,y) that replaces the

edge moments gives the total pressure acting
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b (x,y) = 22 Y i (-1—¥nk -+mt>sin.wainf-—ﬂ—y
c [ na L mn m n a b
m=i,8.., O=1,3...
0
- . mix oy, DUY
= ;; E: Pp,p ®in sin T (9)
mgl;anc- n=1,3qno
where ,
16p 1l
Po,n T e\ mn ¢ Mm Y mt“) (x0)
Relation between Stress Function F, Deflection w,
and Preesure Coefficients Pm,n
As the edge moments m, &and my have been replaced
by the muxiliary pressure distribution p,(x,y) (see
equation (7)), the general solution (reference 5) for the
simply supported rectangular plate may be applied, This
selution was derived in terms of a Feurier series from
Von Karman's equations (reference 2, p. 343): -
4 4 4 .
3F, , 37 +6F_BE[-E3W>3_.bawbew
ax* dx2dyR dy? dxdy d3x2 dy2.
‘ 7 (11)
d*w % w J_B‘w__pc(x,y)J_h J=F bawLéaF O%w 5 ORF bew>
3ax*  2dx®3y® oyt D D \3y® 3x® 3x® dy® ° dxdy oxdy
-
The deflection is described in reference & by
‘o ’ w . .
—_ — B - B . - -
w o= ) > 0 wp gin —0ZX gyn ZT¥ (12)
- s S a b

m=1, 3,.. D= ,3...

and the pressure by equation (9)
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P (x,¥) = Z Y Pa,n stz FF st 2E (1)

M=1,B3ce0 =1, 3... o -

The stress function F is given by:

P.x% P.y® = = : mmx any
- . :
Feiy® Px¥ Z Z by p coOS cos—— (14)
2 2 : o _ e a b
m=0,3,4,., N=0,2,40.. o

It 4is shown that, for gzero displacement normal to the edges
of the plate,

) —
2 _CD o
~ - _ Eh *'>'“ T g,
Px HPy = 8a 2 s .Z{ m,n
m=1,3-.- n’1,3...
s (15)
2 o o .
- ~ _ Eh N n2y2
P',Y "“Px - 8b3 /_)_, m,n
m=1,3,.. n=1,3,,. J

The general solution (reference 5) gives the membrane stress
function coefficients by ,, in terms of the deflection

function coefficients ¥m,ne (The first 26 of these coef-—
ficlents by , are given in table 1. ) Reference 5 also

gives the general form of the family of equations relating
the pressure ©Ppa and the deflection coefficients Wm,ne

(The first 60 terms in each of the first 33 of these equa— e
tigns are given in table 2 for Poisson's ratio p = 0,316.)

As an example of the use of table 2, the first six terms
of the first equation are

Py . 4 ' -4 -
w &8, 8, a
0 = =222 _ 0.0862 Pe _ _ o. 0862k1£—— - 0. 0862t12——
h Bn4 En® zn*
3 . 2
LETER %1, 1\ wa1,3
+ 1.451 ( =223 — 0,972 : 2 1
( h s h h (16)

w
The wvalues of —%TE‘ not given in table 2 can be de-~
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termined with suffdcilent accuracy by neglecting cubiec
terms. They are then given by

w pa® 0.1798 1
m,n 0. 1 \
R = pnd ( - =3 \‘B<mn + nkp + mby, (17)
n® + S
2.25 J

Magnitude of Edge Moments m, and oy

The edge moments must now be determined to satisfy
the condition of zero slope at the edges of the plate.
Setting the slope st the edges x = 0, x =a equal to
zero gives from equation (12),

0 = E: ZL mw, ., sin 5%1 (18)

m=1,3..s N=1,34.

Similarly, setting the slope at the edges y = 0, y = b
equal to zero gilves

oo
S ~ mmnx
0 = L > nwp o sin ~—= (19)
Fil) ! a

m=‘1,3..- n=1,3--¢
Equation (18) is equivalent to the equations
O = WI.l + 31!'5,1 + 5w5 1 + » . .

C = w1‘3 + 3w3,3 + 5w5 3 + . . .
. »

_ (30a)
O o wl's + Bw‘-_r"s + 5w$ '5 + . . .
end equation (19) is equivalent to the equations
0 = WJ_.l + 3W1.3 + 5W1 '5 + . * -
0 = Ws’l + 5W3’5 + 5V3’5 + . . .
(20b)

0= W 4 * 3w5’3 + 5”5,5 + . .

» . . . . . L] . (3 . . . L] . - . . ] . . . L] [ . . -
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. Substituting the values given in table 2 and equa—

tion (17) for the deflection coefficients wp o in
H

equations (20a) and (20b) gives the equations in table 3.
As an exampls of the use of table 3, the first few terms
in the first equation are

4 4 4 : -

a a & : a
0 = —.08862 22 _.1260%, 22 _.0862k, Io— —.006045ks T — .

Eh% Ent En* Eh

wl,l\s Wi,1\ ° W3 wi N w ,
+1.44s<—-—-—) —.gss< ‘ '3 +.596< 2N Wsai, o
h n / n n / " n

(21)

Additional values of k; and &,

ing the cubes of the deflection coefficients may be omit-—
ted, are obtained by substitution from equation (17) into
equations (20a) and (20b) with the result!

for which terms involv—

_ o )
N s
0 = 2: = L+ mnk, + matn>
3 2\ n
m=1,3... <m3 + -—5——>
2.25 L )
(22)
- )
0 = Z 1 (l'- + n.zlcm + mn’cn>
< ' n2 N
N=1,3... ne® + ) :
. 2.25 - .
SOLUTION

Yalues of Deflection éoefficients Yo,n

and EBdge—Moment Coefficients kp and b,

The method of obtaining the required values of the

deflection coefficients w, , and the edge—moment coef-—
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ficients kp and ttn consigts in assuming values for

o P8 .
Yanr and solving for pa;i W1.3’ ¥3.1,
h : Eh h h
Kz, tx, » . . by successive approximation from the eimul-—
taneous equations in tebles 2 and 3 and in equations (17)
and (22). These calculations have been made for 12 val-—
Wai,1

L] . L] kl, tl'

ues of and the corresponding values of the first

h
40 deflection coefficients wy 5 and of the first 14

moment coefficients k,, t, are given in tables 4 and 5,

respectively. The error arising from the use of only
the first 60 terms in the equations in table 2 will be
considered in a later section.:

Center Deflection

From equation (12), the center deflection is

*® *® - m+n
™ -
Yeenter ~ zz } - (=) ¥m,n (23)
. : i

m=1,3... n=1,3,.,

The center deflection is obtained by substituting
from table 4 into equation (23) with the results given
In table 6 and in figure 3. Figure 2 shows that the
deflection agalnst pressure curve deviates increasingly
from a stralght line with increasing pressure. At a
deflection equal to the plate thickness, the pressure
is about 60 percent higher than that given by the linear
theory (reference 6); whereas, at a deflection egual to
twice the plate thickness, the pressure is about 250
percent higher than that given by the linear theory.

Bhape of Deflected Surface

The deflection of the plate along the transverse
center line is obtained by substituting the deflection
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coefficients w n (table 4) into equation (12) and set—

ting ¥y = b/z. This calculation has been made for very

small deflections _E%?Eﬂi <« 1, and for the highest de~—

.

Weenter .,

~'= 1,972, with the results
h - T

given 1in figure 4. I%¥ is apparent that, as the center
deflection inereases undser inecreaeing normal pressure,
catenary tensiong become appreciable and the inflection
point is shifted toward the edges of the plate.

flection calcuiated,

Bending Stress at Mldpoint of Long Edge

The extreme—fiber stress lg & maximum on the pres-—
sure side of the plate at the midpoint of the longer
edge. The extreme—fiber bending stress at this point
was obtained by.substituting equations (6) into équations
(3). This substitution gives, for the extreme—fiber
bending stress perpendicular to the longer edge at its
midpoint,

at az Pa4
Eh3 n- Eh ’ ' ' e
x=0,y=b/8 _
pa’ :
The'values of t, and =T given in table & were
" Bh

substituted in equation (24) with the results given in
table 6 and in figure 5. Figure 5 shows that the bend-—
ing stress-at the midpoint of the longer edge deviates’
ingreasingly from the linear theory (reference 6), The
deviation is about 35 percent when the deflection is
equal to the plate thickness and about 115 percent when
the deflection is twice the plate thickness. .

The extreme—fiber bending stress at the center of
the platse was not computed, sinece previous work on
square and on infinitely long plates (references 1 and
2, respectively) shows this stress to be consideradbly
smaller than at the midpoint of the longer edge.
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Membrane Btresses

The membrane etresses in the plate are obtained by
substituting equation (14) into equations (1) and using
equations (15) and the equations in table 1 to determine
the values of the stress coefficients TPy, ﬁy, and
Pm,n- This method gives, for the membrane stress perpen—

dicular to the lenger edge at its midpoilnt,

s ; ¥ 3‘3 . ’ w ’ 2 - w 2
SR Theli = 2,792 (—lll\\ﬁ-zs.sz (—ill>
\"En® /x=o,y=b/= h / h

: MoanF (fs a\° TAR &\° (fs N
+ 4. {o—— ] . - ; . — - + 5.30 .
3'38\h)+2517 12 ) 4 74082 ) + 6 22

w w ' W w w w
_ z.pagiet 123 + 0.9100-221 21 _ 5,052 322
w W w w W w
+ 1,g5g_igﬁ .5 0.2002——21 8,1 _ g.poa—222 21
h h h h h h
W w w w w W
+ 5.700—i43 202 1077 L.t Trad 3,773.&4& 5.1
h h h h h h
w w w w w w
3, 3,3 : , , ,
—-44.10-222 s hg.4n o323 1108 o g gppii 2 :
h h > Th h h h
* Wy 3 ¥y s Wz 3 ¥p 21 Wy 5 Y5 2
e 13 Attt 28,51 ———m 2 o4 13,41 2+ ... (25)
h h h h h h

and, for the memdbrane stress at the center of the platwe
parallel to the shorter edge,
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c! az w a8 w 2
1,1 3

__.E_a__> = 2.795(-_-’-—) + 23.6.4( ’1>
Eh x=a/2,y=b/= A h h

’ 3 = a8 - a
Wi,3 ¥s,3 Vi, Vs,
+ 4.338 ) +25.1s< + 7.406( 1:5Y &+ 65.53 ii)
h h N n h
w w w w w w
1.1 1,3 1,1 3,1 1.1 3,3
- 6.12 2 2. - 0,958 ——2s ———— + 2.497 : !
b n 958 — 2.49 T n
w w w w v w
1,1 1,5 1,1 5,1 1,3 3,1
+ 7.91 1.5, g.ogmp—i2t B0l i 11,60 —2- ==
9 h h 88— h 11.6 B R
Wy ,z Yz .3 Wi,z ¥s,1 Wi,z ¥B 1
- 6.935—-22 212 _ 8.79 5.l 6,115 -2 —12
h h n h h n
oot Y33 ng g0 X202 T8 5 q40 vs.1 e
- * h B ’ . _n_ L h
w w w w w v
» » » B 5,1
+ 2o.29323 1108 4 59 55 202 221 4 26.56 LEL +...(26)
h n h h h
w

a,n
The values of !

substituted into equations (25) and (26) with the results
given in table 6 and figurg 5, Figure 5 shows that, for
pressures less than 280 pa /Eh* (deflections less than
twice the plate thickness), the membrane stresses are small
comnpared with the bending stress at the nidpoint of the
longer edge. It is also interesting to notice that the
nembrane stress remains almost the sane in going fron the

. edge to.-the center of the plate., This result showe that
the stress distribution at the transverse center line

(y = ©/2) of a plate with b/a = 1.5 approaches the con-—
dition of constant membrane stress characteristic of an
infinitely long plate (v/a =><). '

given in table 4 have been i

The maximum extreme—fiber stress (fig. 5), is ob—
tained by adding the bending end the membrane stresses.
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Convergence of Seclution

The .exactness of the solution may be increascd to any
desired degree by 1ncreasing the number of cubic terms in
the equations in table 2. In the present solution the
4 Ylinear terms and 56 of the cubic terms were included.

The effect of limiting the number of cubic terms is brought
out in table 7 giving the ‘results of solutions using O, 1,
10, and 56 cubic terms., The O—cubic—term solution corre—
sponds to the linear theory; the l—cubic—term solution

W
takes account of the eube of —3t2; the 10-cublc—termn
Wi,1 Wi,3 .

solution takes account of cubic products of 5 TR

w _ I _

and —%fi; and the 56-—cubic~term solution takes account
. : W

of c¢ubic products of ¥i,2 ¥i,3 ¥s,1 X3.3 222, and

w5)1 ' h h h h h

—f—+ Comparison of the results indicates that, for a

4
pressure ratio EEZ of 74.5 (center deflection about one

plate thickness), the convergence is rapid both for center
deflectlion and extreme—fiber bending stress at the mid—
roint of the longer side; whereas, for a pressure ratilo

4 .
E%Z of 282 (center deflection about twice the plate
thickness), the convergence is still rapid for center de-—
flection but less rapid for bending stress. It 1la esti-
mated from table 7 that the maximum error in table 6 is
less than 2 percent. '

Comparison with Results Obtained by Previous Authors

An exact solution of the proeblem of the clamped rec—
tangular (3:2) plate with small deflectlons was obtained
by Hencky (reference 6). His results are plotted in fig-—
ures 3 and 5 as linear theory. It is evident that, for
small deflections, Hencky's results are in agreement with
the results of the present paper. '

The only previous analysis of the large deflectlon
problem known to the author is that by Way (reference 7),
who used the Ritz energy method with polynomials satisfy—~
ing the boundary conditions and contalning 11 undetermined
constants. Although his calculations were made for a
Poisson's ratic of 0.3, it 1s known from Way's analysis of
circular plates (reference 2, p. 340, fig. 132) that small
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changes in Poisson's ratio do not appreciably alter the
gsolution. In figures 6 and 7 are compared the results
obtained by Way, using 0.3 for Poisson's ratlo, and the
results obtained in the present paper, using 0.316 for
Poisson's ratio. The center deflection, according to

Way, differs less than 3 percent from that obtalned here
and the extreme—fiber bending stress at the mlddle of

the longer side differs less than 5 percent. The membrane
stresses obtained by Way are, however, about 40 percent
larger than those for the present paper. This discrepancy
in membrane stress provides an explanation of the fact,
noted by Way in referenece 7 (p. 127), that his total
stresses exceeded those for an infinitely long plate
_instead of being slightly less, as theymust actually be.

Comparison with Other "Exgct" Solutions for Clamped Plates

The values of the center deflection and the maximum
stress are compared in figures 8 and 9 with the results
for an infinitely long rectangular plate (reference 2,
PP. 10-17), a square plate (reference 1), and a circular
plate (reference 8). As would be expected, the 3:2 rec—
tangular plate is more rigid than the infinitely long
rectangular plate of the same width; 1t is more flexible
than the square plate of the same width; and 1t is still
more flexible than the circular plate having a diameter
equal to the width of the rectangular (3:2) plate.

The smallness of the difference in deflection and in
stress between the plate with b/a = 1.5 and the infi-
nitely long plate leads to the conclusion that clamped
plates with length—width ratios greater than 1.5 may Dbe
regarded as infinitely long plates for purposes of design,

CONGLUS IONS

The Von Karman equations have been solved for the
special case of a plate with clamped edges having a ratile
of length to width of 1.5 and loaded by uniform normal
pressure. ’

At a center deflection equal to the plate thickness,
the pressure is about 60 percent higher than that given
by the linear theory (reference 6); whereas, at a deflec—
tion equal to twice the plate thickness, the pressure is

about 31 times that given by the linear theory.
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As the center deflection increases under 1increasing
normal pressure, catenary tenslons become appreciable and
the inflection point is shifted toward the edges of the
plate.

The bending stress at the midpoint of the longer
edge deviates about 35 percent from the linear theary.
when the deflectlion equals the plate thickness. The de-—
viation increases,to 115 percent at a deflection egual %o

twice the plate thickness.

The membrane stresses are small compared with the
bending stress at the midpoint of the longer edge. The
membrane stress remains almost the same in golng from the
edge to the center of the plate., This result shows that
the gtress distribution at the $transverse center line
approaches the oondition c¢f constant membrane stress
characteristic of an infinitely long plate.

The convergence of the solutien is such that esti-
mated maximum error is less than 2 percent.

Comparison with Hencky's linear theory givea agree—
ment for small deflections. Comparison with Way's ap-
proximate large deflection theory shows agreement within
3 percent for center deflection@mnd 5 percent for extreme—
fiber bending stress at the middle of the longer side.
The membrane stresses by Way are, however, about 40 per—
cent larger than those ocbtained here., This disorepancy
in mem®rane stress provides an explanation of the fact,
noted by Way., that his total stresses exceeded those for
an infinitely long plate instead of being slightly 1eas,
as they must actually be.

Couparison with the exact solution for an infinitely
long plate leads to the conclusion that clamped plates
with length—width ratlos greater than 1.5 may be regarded
as infinitely long plates for purposes of design.

Natienal Buread.of Standards,
Washington, D. C., April 14, 1942.
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Table 1- Value of Stress Coefflelents by pn in Terms of

Deflection Coefficlents wp n

2 2
b, -——731(2w +18w3 1+5Ow5 1 4w1 1#1,3-4w1,3w1,5-36w3,1w3,3

~lwy gwy g=lwy oWy gmlwy gy 11-HW1 11W1 13-36W5 373 5
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Value of

Table 4

deflection coefficients !EB as a function of

the normal ratio ggz
Eh'
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O| 4.93 | 10,0 | 214 | 35.6 | 53.2) 74,5 | 104 [137 |178 |225 |282

o] 0.1 0.2 0.4 0.6 0.8 1.0 | 1.2 | 1.4 | 1.6 | 1.8 | 2.0
O «.0065| =.0126| =.0221| =,0271] =.025| =.018] =, .009 | .030 +049 | ,075
Of ~.0041} ~.0081| =.0165| =.0251| «,033| =.041| =.048 |=.054 | =.058 | ~.062 |-.064
0| -.0020| =.0039| -.0078| =.0123| -.017 | =.023| -.030 -.035 | =.043 | =.052 | =.059
0| ~.0009 | =.0020| =.0041 | -.0064 | =.009 | =~.012| =.015 |=.019 | -.022 | =.027 |=.031
0| .0006| .o011| .0023{ .0037| .005| .007]| .008 | .o11| .o13| .016 | .017
o -.0004| -.0007| -.0014| ~-.0083| -.008| -.004| -.006 |-.007 | -.008 | -.008 |-.022
0| =.0002| =.0005| =.0010| =,0016| =.002 | «,003| =.004 | =,005 | ~.006 | ~.007 |-.008
0| -.0002| =.0003| =.0007| =.0011| =.002| =.002| =003 | ~.003 | =004 | ~.005 | ~.005
0| -.0001| ~.0002| -.0005| -.0008| =,001| =.,00L| =.002 | =.,002 | =.003 | =.003 | =.004
0| =.0001| =.0002| =.0004| =.0006 | =.001| =.001| =,Q01 [=.002 | ~.002 | ~,003 |-.003
0| =.0001| =.0001| =.0003| =~.0004| -.001| =.001| -.001 |=-.001 -.002 -.002 | =.002
0| =.0001| =.0001| =.0002| =,0003| =.001{ =.001| ~.001 | =.001 | ~.001 | -.001 |-.002
0| <0000 | =.0001| ~.0002| =.0003 | 000 | =-.001[=.001 |=.001 |=.001 {=-.001 |-.001
O =.0137 ~.0273| ~.0526 | =.0758 | =.094 | «.111] -.126 |-.135 | =.143 |~.245 |-.249
o| .oor3| .0025| .0045| .0056| .006| .006] .006 | .005 | .004 | .004 | .003
0] .0005| *.0011| .0022| .0032| .005| .005| .005 [ .006| .007 | .008 | .008
o. .0001| .0004| ,0008| .0011| .00L| .002) .002 | .002 | .003| .003 | .004
| «0001| .0002| .0004| .0006| .001] .0OL| .00L | .001| .002 | .002 | .002

&4



NACA Teochnical Note No. 853

Table 4. Conrtinued

1::4 4.95 | 10.0 | 32.4 | 35.6 | 53.3 | 74.5 |104 |137 |i7s |335 |283

Tadlo| .oc01| .o00r | .0002 | .0003 | 000 | .000 | .001 | 001 | .000 | .000 | 4000
!E.-l ~.0037 | =.0074 |-.0147 |=.0224 {=.030 | =.037 [=.046 [=.053 |=.060 |-.066 |-.073
!%3 .0002 | .0004 | .0007 | .0008 | .001 | .000 |-.001 |~.002 |-.002 [-.003 |-.0Q5
L .0001 | 0004 | .0005 | 0009 | .001 | 001 | .002 | .003 | .003 | .002 | .003
!E..Z .0000 | .0001 | .0003 | .0005 | 000 | .000 | .00L | 001 | .002 | .003 | .003
22 10000 | .0000 | w0002 | .0002 | .000 | .000 | .000 | 000 | w000 | 000 | .001
T2l |0 | =.0014 [-.0028 [~.0058 [=.0089 |-.012 |=-.016 |-.021 |-.025 [-.030 |-.035 |-.041
2.3 .0000 | 0001 | .0002 | .0002 | .000 | .000 | .000 | .001 | .000 [-.001 [-.002
1%:5 .0000 | .0001 | 0002 | .0004 | .000 | .000 | 000 | .00L | .0OL | .00 | .0OL
L .0000 | .0000 | L0001 | .0001 | .000 | .000 | .000 | .000 | .000 | .001 | .0OL
21| of -.0007| =.0014 | =.0028 | =.0043| -.006 | -.008 | =.00 | -.013 | =.01¢ | =.017 | =.020
Taa .0000| .0000| .o001| .0001|{ .000| .000| .000| .000{-.001|=.001|=.001
Z1lal| o -.0004| -.0008| -.0026 | ~.0024 | =.003 | =.004 | =006 | -.007 | -.008 | ~.010 | -.011
ﬂg-l «.0002| =.0005| -.0010| ~.0015| =.002 | =.003| =.003 | ~.004 | =.005 | =.006 | =.007
Ti%alf 0| -.0002{ -.0003 | =.0006| =.0020| =.001 | =.002 | =.002 | ~.003 | ~.003 | =.004 | =.005
MZ:1| o -.0001{ -.0002 | =.0004 | =.0007 | =001 | =.00L | =.002 | ~.002 | =.002 | ~.003 | =.003
T12sd| of -.0001| -.0001 | =+0003| =.0005 | ~.001 | =.00L [ =001 | -.001 | =.002 | -.002 | -.002
¥2Lul| of -.0001| =.0001| ~.0002| =.0004 | =.00L | =.001 [ -.001 | =.001 | -.001 | =.001 -.002
T, .0000| -.0001| =.0002| -.0003| .000 | .000|-.001|=~.001{-.001 |=.001]=.001
Y201 .0000| -.0001| -.0001| -.0002| .000| .000| .000|=.001]-.001 |=.00I{=.001
Tanl .0000| =.0001 | -.0061 .00 | .000| .000| .000|-.001|-.001]~.001
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Table 5
Value of the moment cocefficilents, kp and t,, as a function of

h

the normal pressure ratio 25;
B

46

4
ﬁﬁt 0 4,93

k; |-.180| -.1280
k3 «0220} 0219
kg | .0086| .0086
ky | 0039 | .0039
X9 | .0020| .0020

t] | -.582] =.580
ty | .0213| .0214
ts | 0252 .0253
ty | .0142| .0143
tg | -0081} .008L
ty1y | .0048| .0050
ty3| -0030| .0031
ty5 | .0017| .0018

10.0

-.179
.0214
0085
»0038
.0020
.0011
=-.573
.0198
.0251
.0142
.0081
<0051
.0031
<0018

21.4

-e173
0194
.0080
<0036
#0020
.0010
-.547
0149
.0236
.0140
0081
#0052
«0032
«0019

[ «0019

35.6

53-2

74.5

104

—

-.165
.0170
+0076
.0036
.0018
.0020
=512
.0083
.0213
.0137

0079 |
<0051
.0032

-.156
0146
0071
.0033
.0018
.003.0
474
.0013
.0188
0132
.0078
L0051
.0032
«0019

-.147
.0122
.0066
.0031
.0017
.0010
-.437
-.0045
0163
.0125
0073
.0048
0032
.0018

-.137
+0096
0061
.0031
0017
.0010
-.406
-.0092
0136
0119
+0071
<0046
.0031
-0018

137

- .129
.0074
.0056
.0030
.0017
.0010
-+375
-.0127
.0108
.0112
.0068
.0045

L0030

.0018

178

~4120
0054
+0051
.0030
0017
.0010
-.347
~,0152
.0086
0100
.0063
20041
«0029
.0017

<0059
<0038
»0028
.0018

282

- 0105
«0028

.0030
0017

.0010

-.302
-.0205
«0052
-0083
«0053
.0636
<0027
.0015

Table 8
Center deflection, bending, membrane, and extreme fiber stresses. as

of the lateral pressure, i, when Polsson's ratlo = O.jié

a function

2

e
E’ (x"gyyng)
.d.%f, (x=0,y=R)
Eh2 2
gz—af,(x” ’Y%)
2
g:—s (x=o 9?"5)

%!Lza(x”&sygé)

(o}

(o)

4.93
".1143
2.24
04
2.28

.04

10.0
.2283
4.47
.14
4.61

14

21‘4

9.08

.49

9.57

4508

35.6
.6654
14.03

1.21
15.24

1.19

53.2
864
19.2

2.1
21.3

2.1

74.5
1.066
24,5
3.2
2747

3.0

104
1.%63
31.5
4.5
36.0

4.2

137
l.441
38.1
6.0

44,1

5.5

178
1.632
45.5
7.6
53.1

7.0

282
1.972
61.6
11.4
73.0

10.2
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TABLE 7.- Convergence of Solution as the Numbér of Cubiec

Terms Used in the Equations for Deflection and Moment

Coefficients Is Increased from O to 56

Using Using Using Using
p cubic|l cubic{l0 cubics |56 cubics
pat
—_— = 74,5
4
Eh
ot az N\
X, (x=0,y=2 ; 33,9 | 24.0 24,3 24.5
En® / :
W a b
- Bm Y =— 1.60 1.12 1.086 1.07
h 2 2
a
E":{ = 282
Eh
o'" aa
- b 148 47.5
Eha ] xﬂo'y=§ - 57.3 61.6
z = ke 6.67 2.03 1.98 1.98
h’ "‘zly—‘z . . . .
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